Introduction
Hepatocellular carcinoma (HCC) ranks as the fifth most common cancer globally. HCC mortality rates rose by almost 3% every year between 2010 and 2014, in contrast to declining trends for the four major cancers [1, 2] . Though surgical treatment for HCC is available in the initial stage of the disease, most patients present with intrahepatic and extrahepatic metastasis upon diagnosis, at which point the efficacy of radiotherapy and chemotherapy is limited [3] . The most widely used screening tools for HCC are imaging techniques or serum tumor biomarkers, such as analysis of alpha-fetoprotein (AFP). However, imaging techniques are less efficient for detecting early HCC, and AFP is limited by its low diagnostic value in the clinical practice [4] . Hence, there is urgency in identifying novel diagnostic and prognostic molecular markers and potential new targets for therapies to improve patient survival.
Long noncoding RNAs (lncRNAs) are non-protein coding transcripts with more than 200 nucleotides in length. There is growing evidence that lncRNAs can participate in various biological
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International Publisher processes involved in tumorigenesis, proliferation and metastasis [5] [6] [7] [8] . Previous studies have suggested that lncRNAs can act as diagnostic biomarkers for multiple cancers, such as cancers of the colorectum, gastric, prostate, bladder, and clear cell renal cell [9] [10] [11] [12] . Recent studies showed that lncRNAs including LINC00462, CCAT1, CCAT2, HOTAIR, MALAT1, LINC00161, and SPRY4-IT1 were significantly upregulated in HCC tumor tissues compared with non-tumor tissues [13] [14] [15] [16] [17] [18] [19] . Our previous study showed that UCA1 was significantly upregulated in HCC tumor tissues compared with non-tumor tissues [20] . However, the aberrant expression of these lncRNAs in serum of HCC patients is not clear. Furthermore, the origin of these lncRNAs has not been clarified yet.
Circulating exosomes are small membrane vesicles (30-150 nm) that are released into the extracellular environment upon fusion of multivesicular bodies with the serum or plasma membrane [21, 22] . These vesicles, loaded with proteins and unique RNA, have a wide range of biological functions, including cell-to-cell communication and signaling. Although various proteins and miRNA have been isolated from exosomes as potential diagnostic, prognostic, or therapeutic biomarkers [23] [24] [25] , little is known about serum exosomal lncRNAs in HCC and many lncRNAs in exosomes have not been adequately investigated. In the present study, we adopted a five-stage strategy for identification of serum and exosome biomarkers corresponding to HCC-related lncRNAs (Fig. 1) . First, we selected eight lncRNAs (LINC00462,  CCAT1, CCAT2, HOTAIR, LINC00161, SPRY4-IT1,  MALAT1 and UCA1) as candidates on the basis of available literature. Subsequently the relative expression levels of these candidates in serum samples were tested in the training and validation sets of HCC patients and matched healthy controls. Consequently, the analysis of stability and specificity were investigated in these aberrantly expressed lncRNAs. Additionally, we investigated the selected lncRNAs for their diagnostic value and their association with clinical, histological, and pathological features in HCC. Finally, we analyzed the source and path of the selected lncRNAs by examining their expression in serum exosomes and urine in a set of 15 HCC and healthy controls.
Materials and Methods

The literature analysis to retrieve lncRNAs involved in HCC
We searched the literature for the purpose of identifying serum lncRNAs as potential biomarkers. Some previous studies showed that LINC00462, CCAT1, CCAT2, HOTAIR, LINC00161, and SPRY4-IT1 were upregulated significantly in HCC tumor tissues compared with non-tumor tissues. To the best of our knowledge, the regulatory functions of these six lncRNAs in HCC serum samples have not been clarified yet. Similarly, the regulatory capacity of MALAT1 and UCA1 in HCC serum remain unknown even though their expression is upregulated in HCC tissue [17, 26] . However, another report indicated that MALAT1 and UCA1 exhibited similar expression between tumor tissues and non-tumor tissues in HCC patients [27] . Thus, we selected eight lncRNAs (LINC00462, CCAT1, CCAT2, HOTAIR, LINC00161, SPRY4-IT1, MALAT1, and UCA1) as candidates for this research.
Study subjects and samples preparation
Peripheral blood samples from total 40 participants were recruited for the training set in our study including 20 HCC preoperative and 20 age-and sex-matched healthy controls. Then, differential expression analysis of the selected lncRNAs was tested in 56 HCC preoperative and 56 age-and sex-matched healthy controls. Blood samples were collected in serum separator tubes, followed by centrifugation at 4,000 rpm for 10 min to collect serum. The serum samples were then divided into multiple aliquots of 500 µL each and stored at −80°C until further analysis. Samples were obtained from patients with HCC, who were subjected to clinical therapy at Nanjing First Hospital and the Second Affiliated Hospital of Nanjing Medical University. Controls were from healthy volunteers without any health problems during their routine health check-ups. All subjects included in this study provided written informed consent, and the project protocols were performed in accordance with the guidelines of the Ethics Committee of Nanjing First Hospital and the Second Affiliated Hospital of Nanjing Medical University.
Stability and specificity analysis
The serum samples of 5 healthy controls were divided into 3 aliquots of 500 µL, which were stored at −80°C, 4°C, and room temperature for 24 hours respectively. Afterwards the levels of these samples were investigated to analyze their stability.
To analyze the specificity of screened lncRNAs, another 20 participants with chronic hepatitis were enrolled. The levels of these lncRNAs were tested in healthy controls, patients with chronic hepatitis, and HCC patients.
Exosome isolation
Exosomes were isolated using the Total Exosome Isolation Kit (Invitrogen, USA). The serum samples were thawed in a 25°C water bath and centrifuged at 2000 × g for 30 minutes to remove cells and debris. Next, 100 μL Total Exosome Isolation reagent was added to 500 μL serum, and the mixture was vortexed until it was homogenous. After incubation at 4°C for 30 minutes, the sample was centrifuged at 10000 × g for 10 minutes at room temperature. The exosome pellet was dissolved in 100 µL PBS.
Exosome identification
To identify the isolation of the exosomes from the serum, transmission electron microscopy (TEM), nanosize, and Western blotting analyses were performed. Exosomes were fixed in 2.5% glutaraldehyde solution for at least 2 hours. Next, 10 μL of the diluted mixtures were transferred to a cleaned copper net. Images were obtained by TEM (JEM-1010, Jeol, Japan) after dyeing with 2% phosphotungstic acid solution. For nanosize analysis, isolated exosome samples were diluted 2000-fold and resuspended in PBS for size distribution analysis using a ZETASIZER Nano series-Nano-ZS (Malvern Instruments Ltd, UK) according to the manufacturer's instructions.
For Western blot analysis, exosomal pellets from the serum were treated with RIPA lysis buffer (KeyGen Biotech, Nanjing, China). Different amounts of proteins were loaded and resolved using 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Antibodies for CD63, GAPDH were obtained respectively from abcam (Cambridge, England) and Bioss (Beijing, China). After incubation with horseradish peroxidaseconjugated secondary antibodies (Biosharp, China), protein bands were visualized using enhanced chemiluminescence (Vazyme Biotech Co, China).
RNA isolation from serum, urine and exosome
Serum, urine and exosome RNA were respectively extracted using TRIzol reagent (Invitrogen, USA) according to the manufacture's instruction. The extracted RNA was eluted with 14 µL RNase-free water. RNA quality and quantity were determined by the spectrophotometer OD-1000+ (OneDrop, USA).
Quantitative Real-time RT-PCR Assay
To confirm the expression of the eight lncRNAs and internal control, reverse transcription of total RNAs were carried out using the reverse transcription kit (Vazyme Biotech Co, China). Samples were measured using the HiScript® II Q RT SuperMix for qPCR (Vazyme Biotech Co, China) on the StepOnePlus™ Real-Time System (Thermo Fisher Scientific, USA). The reactions were initiated with denaturation at 95°C for 5 min, followed by 40 cycles of 95°C for 10 s and 60°C for 30 s. The specificity of the PCR amplification was validated by the presence of a single peak in the melt-curve analysis. β-actin was used as an internal control while the cel-miR-39 was conducted as the external control. The relative expression levels of lncRNAs were analyzed by the 2 −ΔΔCT method.
Source and path analysis
A total of 30 participants were enrolled from whom total 90 samples were collected for the lncRNA source and path analysis. Three samples were collected from each participant, including 15 serum, 15 serum exosomes, and 15 urine from the 15 HCC patients. Age-and sex-matched healthy controls were included (3 samples each from 15 participants).
Statistical analysis
SPSS Statistics software 22.0 (IBM, Chicago, USA) was used to perform statistical analyses. All data are presented as mean ± SD. The difference of lncRNA levels were determined by the Mann-Whitney U test. Associations of serum lncRNAs with clinicopathologic parameters were examined by the χ 2 test. To evaluate the predictive value of selected lncRNAs for HCC, we applied the ROC curve. A p value < 0.05 was considered statistically significant.
Results
The expression of eight lncRNAs in HCC serum
Detection of SPRY4-IT1 significantly varied across technical triplicates possibly due to its high Ct value beyond 36. The other seven lncRNAs (LINC00462, CCAT1, CCAT2, HOTAIR, LINC00161, MALAT1, and UCA1) could be stably amplified. As presented in the training set (Fig. 2) , the relative expression levels of LINC00462, LINC00161, and UCA1 were markedly increased in patients with HCC in contrast to controls (all P< 0.05). No statistical significance was demonstrated for the expression of CCAT1, CCAT2, HOTAIR, and MALAT1 between the two groups (P=0.414, 0.157, 0.461 and 0.678 respectively). We further investigated the expression levels of the four significantly upregulated lncRNAs in 56 HCC preoperative and 56 age-and sex-matched healthy controls. As shown in Fig. 3 , LINC00161 and UCA1 were significantly upregulated in HCC samples (all P< 0.001).
Stability and specificity detection of two lncRNAs in human serum
We examined the stability of exosomes derived from serum obtained from five healthy controls, which were divided into 3 aliquots at −80°C, 4°C, and room temperature for 12 hours, respectively. The expression levels of UCA1 were significantly downregulated at 4°C and room temperature after 12 hours when compared with samples at −80°C. However, all temperature incubation conditions had minimal effects on the concentration of LINC00161, demonstrating that the LINC00161 was sufficiently stable in human serum (Fig. 4A) . The expression of the validated lncRNA was further analyzed in 20 chronic hepatitis patients. The relative expression levels of LINC00161 were downregulated in patients with chronic hepatitis in contrast to HCC controls. No statistical significance was demonstrated for the expression of LINC00161 in chronic hepatitis patients compared with healthy controls demonstrating that LINC00161 was sufficiently specific in HCC serum (Fig. 4B) . 
Accuracy of serum parameters for predicting HCC by ROC analysis
Next, the diagnostic value of the selected lncRNA (LINC00161) was evaluated by ROC curve analyses by analyzing the results of 112 participants (56 HCC and 56 controls) in validation sets. As shown in Fig.4C , the area under the curve (AUC) of the validated LINC00161 was 0.794 (95% CI, 0.712-0.877). The sensitivities and specificities were 75.0% and 73.2% respectively. Correlation between the serum levels of LINC00161 and clinical characteristics
As presented in Table 1 , we assessed the correlation between the validated LINC00161 expression and the clinical features of HCC patients.
There was no statistically significant correlation between the LINC00161 and clinical pathological information such as age, gender, chronic hepatitis, cirrhosis, tumor size and tumor number (P > 0.05). However, LINC00161 expression was significantly associated with serum AFP concentration and TNM stage (P < 0.05).
Size and protein expression analysis to confirm the isolation of exosomes from serum
As shown in Fig. 5A -C, the round shaped microvesicles were about 30-150 nm in diameter in the exosome enriched fraction. Additionally, CD63 was used to identify serum exosomes (Fig. 5B) .
The source and path analysis of LINC00161
To analyze the source and path of LINC00161, samples from 15 HCC patients and 15 healthy controls were examined, including serum exosome, exosome-free, and urine (Fig.6) . The serum exosomal expression levels of LINC00161 were upregulated in patients with HCC in contrast to controls. No statistical significance was detected for the expression of LINC00161 in HCC urine and serum exosome-free samples compared with controls, respectively. However, a statistical significance was demonstrated in serum exosomal expression levels of LINC00161 in HCC as compared to controls (P< 0.05). 
Discussion
HCC is one of the most common malignancies worldwide, with high mortality rates. Lack of early diagnosis results in limited effective therapeutic options and is associated with extremely poor outcomes for HCC patients [28] . Thus, new diagnosis measures for HCC are urgently needed. Along with an extensive characterization of the protein-coding genome of HCC, recent research has focused on the potential cancer-related lncRNAs and their role in the modulation of tumor development [29] . Alterations of many lncRNAs in cancer tissues have been shown in patients with HCC [13-15, 17-19, 26] . However, the regulation of these lncRNAs in serum and exosome of HCC patients remains largely unknown. Furthermore, the origin of these lncRNAs has not been clarified yet.
In light of these observations, we used an integrative approach based on clinical validation together with computational methods to seek insights into the diagnosis biomarkers of HCC. Firstly, eight lncRNAs (LINC00462, CCAT1, CCAT2, HOTAIR, LINC00161, SPRY4-IT1, MALAT1 and UCA1) were selected as candidates retrieved from literature.
Then, we analyzed the relative expression levels of the candidate lncRNAs in the training and validation sets of HCC patients and matched healthy controls by qRT-PCR and 2 −ΔΔCT method algorithms. The serum levels of LINC00161 and UCA1 were significantly increased in HCC patients, which were consistent with results from recent reports and our previous study in HCC tissue [18, 20] . However, the increased serum level of UCA1 was not the same as this reported in some literature. Yang Z et al. reported that UCA1 was similarly expressed between tumor tissues and non-tumor tissues in HCC patients (P=0.375) [27] . A few reasons could explain the contrasting results, including small sample size, heterogeneity of tumors, samples with different clinical features, easily degraded samples, and unstable expression.
Herein, we demonstrated that the concentration of LINC00161 was sufficiently stable in different temperatures, while the levels of UCA1 were downregulated at high temperature. Thus the instability of UCA1 in serum maybe one of the main reasons that explains the discrepancy in different reports. Further analysis in chronic hepatitis patients compared with healthy and HCC controls demonstrated that LINC00161 was sufficiently specific in HCC serum.
Moreover, ROC curve analyses demonstrated that LINC00161 could differentiate HCC from healthy controls, indicating that LINC00161might be a novel potential diagnostic candidate for HCC. The expression of LINC00161 in serum was markedly correlated with the concentration of serum AFP and TNM stage. LINC00161 expression has been evaluated in HCC tissue. Xu L et al. showed that the expression level of LINC00161 was significantly higher in HCC tissues, and LINC00161 expression was an independent prognostic factor for overall survival. Moreover, those authors indicated that LINC00161 might serve as an oncogenic gene and play a pivotal role in promoting tumor migration and invasion in HCC [18] . That data and those from the present study indicate that detection of the expression levels of LINC00161, both in serum and tissue, can contribute to assessing the tumor stage and progression for HCC. Nonetheless, we should note the relative ease and non-invasive nature in collecting serum samples compared to tumor tissues.
Finally, we examined the levels of LINC00161 in serum exosomes, exosome-free, and urine from 15 HCC patients and 15 healthy controls for the source and path analysis. In recent years, increasing studies have focused on exosomes, which are a subclass of extracellular vesicles involved in intercellular communication released by most cell types and various body fluids [30] . Cells can trigger cancer-related disorders after the recognition and uptake of circulating exosomal lncRNAs, providing indications for early tumor biopsy, diagnosis, and treatment [31] . The validated lncRNA was all detected in serum exosomes, exosome-free, and urine, and we found that the levels of LINC00161 in serum exosomes were upregulated in patients with HCC in contrast to controls. No statistical significance was detected for the expression of the LINC00161 in exosome-free and urine samples in HCC to controls. These results demonstrated that the upregulated LINC00161 in HCC serum was derived from exosomes into serum. The LINC00161 may at least be partly metabolized through urine.
To the best of our knowledge, the present study is the first to report that the expression of LINC00161 was upregulated in serum and exosome of HCC patients and was associated with TNM stage in serum. The origin of the validated lncRNA was clarified, at least partly. As a result, circulating exosomal LINC00161 can act as a novel biomarker in the diagnosis of HCC.
Conclusion
In summary, as a member of lncRNA family, LINC00161 was significantly expressed in serum and exosome of HCC patients. The levels of LINC00161 suggest a significant prediction of tumor growth and metastasis in HCC. The upregulated LINC00161 expression in HCC serum was derived from exosomes into serum, and may at least be partly metabolized through urine. Our findings indicate that serum and exosome LINC00161 can serve as a potential non-invasive biomarker for predicting the diagnosis of HCC. Besides, our data provides new insight into the role of lncRNAs from serum exosome. However, this study is limited by the small sample size. Further exosomal high throughput sequencing and large-scale studies are needed to confirm these findings and elucidate the potential role of LINC00161 in HCC.
